Three cultivars 'Zefyr', 'Honoeoye' and 'Polka' were grown on beds mulched with black plastic or without it, as well as in low tunnels covered by transparent polyethylene film or Agronet (Pegas agro, 17 g·m -2 ), or without covering. The quality of fruits determined by content of ascorbic acid, titratable acidity, soluble solids, total content of phenolics and anthocyanins, antiradical activity, and radical scavenging activity (RSA) was evaluated during two seasons. Significant differences in phytochemical contents within strawberry cultivars, production seasons and cultivation methods were stated. Cultivar had the greatest influence on the content of ascorbic acid, total phenolics and RSA among all the studied factors. The amount of anthocyanins was mainly influenced by plant covering, while the annual climatic conditions had the greatest impact on the amount of titratable acidity and soluble solids. Soil mulching had the lowest influence on the chemical content of fruits.
INTRODUCTION
Strawberry is one of the most popular berry crops in Latvia. Production season for local strawberry is quite short and mostly lasts from mid-June to mid-July. It causes a sharp decrease of fruit price during the peak of harvesting and difficulties in marketing. By this reason, there is an interest in the extending of strawberry cropping period, especially through earlier fruiting when prices are highest. This result could be obtained using microtunnels (Medina 2008; Martinsson 1997) or soil mulching (Himelrick 1996; Kikas 1997) .
Strawberry is a source of many bioactive phytochemicals as ascorbic acid, polyphenolic compounds and ellagic acid. Previous studies show that strawberries have more antioxidants than apple, apricot, peaches or kiwifruit (Scalzo et al. 2004) . Antioxidants are considered to help in preventing of several diseases like cancer and cardiovascular diseases (Hannum 2004; Manach et al. 2004; Weaver et al. 2009; Jaroslawska et al. 2011 ). According to Giampieri et al. (2012) , content of micronutrients and phytochemicals may greatly vary depending on cultivar and cultivation practices (Giampieri et al. 2012) .
The field experiment was undertaken to evaluate fruit quality of strawberry from different cultivation systems favouring earlier fruit ripening in Latvia conditions.
MATERIALS AND METHODS
The field experiment was located in Pūre, Tukums region, Latvia, at 57°02' northern latitude and 22°52' eastern longitude. Freshly dug plants cvs Zefyr', 'Honoeoye' and 'Polka' were planted in the loamy and sod calcareous soil that lays on dolomite rock in September of 2007. Two-rows of low beds, 0.3 m between rows and 0.4 m between plants, and 1.5 m between bed centres were designed. Plants were watered and fertigated by drip irrigation. ) was used in rows between beds. Split-split-plot experimental design with three factors was used in the trial: 1 -soil mulching with black plastic or without mulching, 2 -plant covering with transparent polyethylene film (120 µm thick) or Agronet (Pegas agro, 17 g·m -2 ) using low tunnels or without covering, 3 -cultivars. Each plot of 10 m 2 was replicated four times. The tunnels of 0.5 m high and 1 m wide were applied every year at the beginning of April. Covers were opened at day-time during flowering period and when temperature exceeded 25 °C. They were removed fully at the beginning of harvesting.
The following chemical fruit compounds were determined in years 2008 and 2009: the content of ascorbic acid by the iodine method (Moor et al. 2005) , the titratable acidity by titrating with 0.1 N NaOH (ISO 750:1998) ; the amount of soluble solids by hand refractometer (ISO 2173 (ISO : 2003 , the total content of phenolics by the spectrophotometric Folin-Ciocalteau method using a spectrometer UV-1650-PC at wave length 765 nm (Singleton et al. 1999) , the total content of anthocyanins by the conventional method using a spectrometer UV-1650-PC at wavelength 535 nm (Moor et al. 2005) , the antiradical activity by 2.2-diphenyl-1-picrylhydrazyl (DPPH) method (Miliauskas et al. 2004 ) and radical scavenging activity (RSA) in percentage was calculated (Seglina et al. 2008) .
The contents of ascorbic acid, titratable acidity, phenolics and anthocyanins, and antiradical activity were determined at the Biochemical Laboratory of Latvia State Institute of Fruit Growing and the content of soluble solids at the Laboratory of Pūre HRC. The fruits for analyses were harvested from each treatment in the time of maximum colouring. The samples were analysed on the day of harvest. The size of sample was 1 kg of ripe fruits from every treatment.
Data were statistically processed by using MS Excel and STATISTICA TM . Multifactorial analysis of variance and correlation were used. The significant differences between means were determined at p = 0.05 by Duncan's multiple range test. The effect size of different factors was evaluated and η 2 % calculated.
RESULTS AND DISCUSSION
The biochemical contents significantly varied within strawberry cultivars, cultural methods and years of the trial. The significant interactions between different factors were observed.
Influence of season
Years of study differed in weather conditions. The air temperature in April was higher by 0. (Table 3) . Similar results were reported by Del Pozo-Insfran et al. (2006) and Diamanti et al. (2009) .
Also, term of fruit sampling, which depends on weather conditions before fruit ripening is important for accumulation of analysed compounds ). The environment and the course of harvesting had a stronger influence on the fruit biochemical contents then a cultivation technique (Josuttis et al. 2009 ). In our investigation, the significant positive correlations between average air temperature in the decade before samples collection and content of total phenolics (r = 0.36; p < 0.05; n = 36) and RSA (r = 0.37; p < 0.05; n = 36) were found during two years of investigation. Moreover, the significant negative correlations between sum of precipitations in the decade before fruit sampling and content of total phenolics (r = -0.38; p < 0.05; n = 36) and RSA (r = -0.43; p < 0.05; n = 36) were found. The influence of harvesting time on strawberry biochemical content was observed also by Mratinić and Milojević (2009) . The great impact of environment on chemical properties and antioxidant contents in strawberry was also reported by Hansawasdi et al. (2006) , Rutkowski et al. (2006) , Seglina et al. (2008) , Tulipani et al. (2009) .
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Influence of mulching
The use of black plastic mulching significantly increased the yield and fruit size of strawberry (Laugale et al. 2012 ). However, it had a lesser impact on the strawberry biochemical contents than the other studied factors (Table 3 ). In both years of experiment, higher content of total phenolics, anthocyanins and titratable acidity was determined in fruits grown on bare ground comparing with black plastic mulching (Tables 1, 2), while higher RSA was found in fruits grown in soil covered with black plastic. It agrees with observations of Josuttis et al. (2009) , where the fruits from the matted row cultivation with polyethylene foil contained higher antioxidant capacity than those grown on bare ground. The amount of ascorbic acid did not differ significantly in the result of mulching in 2008, while in 2009 it was significantly lower in fruits from the treatments with mulching. The amount of soluble solids did not differ significantly dependent on mulching in 2009, while in 2008 it was significantly higher in fruits from this treatment.
Influence of plants covering with microtunnels
Covering of plants accelerated the beginning of fruiting and increased strawberry productivity (Laugale et al. 2012 ). However, it affected fruits development resulting in smaller size of fruits in the treatments with polyethylene cover. As plant covers were removed at the beginning of fruit harvesting, they had no direct influence on chemical content at fruit ripening. Fruit chemical contents from covering treatments differed between years (Tables 1, 2). The highest negative impact of plants covering was stated for anthocyanin content (Table 3) . In both years, the highest content of anthocyanins was determined in fruits from plants grown without covering (Tables 1, 2 ). This result can be explained by higher air temperature and lower light transmittance during growth. Solar radiation and air temperature were mentioned as important factors influencing anthocyanin development (Del Pozo-Insfran et al. 2006) . The negative influence of high temperature on development of anthocyanins in strawberry fruits was reported also by Ikeda et al. (2009) .
Use of polyethylene covering on plants reduced significantly the content of titratable acidity in fruits in comparison to uncovered in year 2009. Other biochemical characteristics significantly varied between treatments and years.
Influence of cultivar
Genetic factors play an important role in berry fruit composition (Wang 2007) . In our trial, cultivar had greater impact on content of total phenolics, ascorbic acid and RSA than mulching or covering (Table 3) . Cultivars also varied in earliness, productivity and fruit size (Laugale et al. 2012) . In both years of experiment, 'Zefyr' was characterised by the highest content of total phenolics, vitamin C and highest RSA activity than the other cultivars (Tables 1, 2). It had the highest early yield, but also softer fruits than other cultivars (Laugale et al. 2012 ). In the above experiment, 'Honeoye' had the highest content of anthocyanins, while 'Polka' was more rich in soluble solids. 'Polka' was the most productive cultivar, but it had the lowest average fruit weight and the latest ripening time (Laugale et al. 2012 ).
Significant interaction between cultivars and cultivation systems was found, but results were dependent on the year of study. In 2008, the highest content of total phenolics in fruits of early ripening cultivars 'Zefyr' and 'Honeoye' was observed in the treatments where plants were grown on bare ground and under polyethylene covering (Table 1 ). The medium early cv. 'Polka' accumulated most of total phenolics in the fruits from the cultivation system, where black plastic mulch and Agronet covering were used. In 2009, the highest content of total phenolics for all cultivars was observed in fruits from plants grown on bare ground without plant covering in the spring (Table 2) .
In both years of the study, the highest content of anthocyanins in fruits of 'Honeoye' and 'Polka', which have darker fruits colour, was found in the treatments without soil mulching or plants covering (Tables 1, 2) , whereas for 'Zefyr', cultivar of lighter fruits results differed between seasons and cultivation systems. The content of ascorbic acid in both years of the study was the highest in 'Zefyr' grown without soil mulching and with plant covering with polyethylene film in the spring. For 'Polka', the highest ascorbic acid content was found in fruits obtained from the cultivation system without soil mulching and with Agronet covering. For 'Honeoye' results differed between seasons.
The highest content of titratable acidity in 'Honeoye' was found in fruits obtained in the cultivation system where plants were grown without soil mulching and plant covering. For 'Zefyr' and 'Polka' results differed between years.
In 2008, the highest content of soluble solids in all cultivars was observed in the cultivation systems based on black plastic mulch and plant covering by polyethylene film, whereas in 2009 cultivars showed different results within growing systems.
The highest RSA in 2008 was observed in the fruits of 'Zefyr' and 'Honeoye' at the cultivation systems with black plastic mulch and plants covering with polyethylene film, whereas in 'Polka,' it was the highest in the cultivation system with black plastic mulch and Agronet covering. In 2009, in 'Honeoye' and 'Polka' fruits, the highest RSA was observed in the cultivation system without soil mulching and plant covering, whereas in 'Zefyr' it was higher where black plastic mulch was applied.
CONCLUSIONS
The strawberry biochemical content was significantly influenced by annual climatic conditions, as well as by cultivar and cultivation system. Cultivar had the greatest influence on the content of ascorbic acid, total phenolics and RSA from all studied factors. The content of anthocyanins was influenced mainly by plants covering. The annual climatic conditions had the highest impact on the content of titratable acidity and soluble solids. Soil mulching had the weakest influence on fruit phytochemical content.
